Purpose: This study aimed to evaluate the prognostic effects of lymphovascular invasion (LVI) in triple-negative breast cancer (TNBC) patients who underwent surgical resection. Materials and Methods: A total of 63 non-metastatic TNBC patients who underwent surgical resection were retrospectively investigated from 2007 to 2016 in Inje University Busan Paik Hospital. Pathological tests revealed that 12 patients (19.0%) had LVI. Approximately 61.9% (n = 39) of the patients' samples stained positive for p53. Additional chemotherapy and radiotherapy (RT) were performed in 53 (84.1%) and 47 (74.6%) patients, respectively. Results: The median follow-up period was 39.5 months (range, 5.9 to 123.0 months). The pathological T stage (p = 0.008), N stage (p = 0.014), and p53 positivity (p = 0.044) were associated with LVI. Overall, the 3-year disease-free survival (DFS) rate and overall survival (OS) rate were 85.4% and 90.2%, respectively. Ten patients (15.9%) experienced relapse. LVI (n = 12) was associated with relapses (p = 0.016). p53 positivity was correlated with poor DFS (p = 0.048). Furthermore, LVI was related to poor DFS (p = 0.011) and OS (p = 0.001) and considered as an independent prognostic factor for DFS (p = 0.039). The 3-year DFS of patients with LVI (n = 12) was only 58.3%. Adjuvant RT minimized the negative prognostic effect of LVI on DFS (p = 0.068 [with RT] vs. p = 0.011 [without RT]). Conclusion: LVI was related to the detrimental effects of disease progression and survival of TNBC patients. Thus, a more effective treatment strategy is needed for TNBC patients with LVI.
Introduction
Lymphovascular invasion (LVI) has been a topic of interest since it is currently considered as an important prognostic factor for primary breast cancer [1, 2] . Schoppmann et al. [3] previously reported that LVI is an independent prognostic factor for disease-free survival (DFS) and overall survival (OS) of patients with breast cancer. Moreover, LVI was associated with the development of lymph node metastases and lymphatic microvessel density [3] . Another clinical study conducted by Krishnamurti et al. [4] showed that LVI may be associated with peripheral tumor-infiltrating lymphocytes, which have a clinical significance in breast cancer [5] . Although controversial [6] , LVI may have a prognostic significance in patients with triple-negative breast cancer (TNBC) [7] , which has a poor prognosis compared to other intrinsic subtypes of www.e-roj.org https://doi.org/10.3857/roj.2017.00416 breast cancers [8, 9] . A recent study by Gujam et al. [10] showed that breast cancer subtypes could affect the outcomes related to LVI. The prognosis of hormone receptor-negative breast cancers, such as TNBC, is suggested to be highly influenced by LVI compared to that of hormone receptor-positive breast cancers [10] .
Therefore, we assumed that TNBC patients with LVI would have a worse prognosis than those without LVI based on pathological reports. This study investigated the effects of LVI with a focus on the poor prognosis of patients with TNBC after surgical resection. Because the prognostic significance of LVI was underestimated till recently, this study aimed to evaluate the prognostic effects of LVI in TNBC patients who underwent resection.
Material and Methods

Patients
This retrospective study included 63 non-metastatic TNBC patients who underwent surgical resection. Patient records from the electronic medical records and imaging studies were reviewed from February 2007 to November 2016 at Inje University Busan Paik Hospital. Breast cancer staging was based on the 7th edition of the American Joint Committee on Cancer (AJCC) Manual. Pathological T1-2N0-3M0 TNBC patients were evaluated in this study. Table 1 illustrates the characteristics of the evaluated patients. Based on the T stage, T1 and T2 accounted for 60.3% (n = 38) and 39.7% (n = 25) of the patients, respectively. In addition, one-third (n = 21, 33.3%) of the patients had regional lymph node metastases based on pathological reports. A detailed pathologic node stage of the patients included the following: 42 (66.7%) with N0, 16 (25.4%) with N1, 3 (4.8%) with N2, and 2 (3.2%) with N3.
All patients evaluated in this study were women who underwent curative surgical resection for invasive breast cancer. Breast-conserving surgery (BCS) was performed in 49 (77.8%) patients. The remaining 14 (22.2%) patients underwent modified radical mastectomy (MRM). Most patients with advanced-stage breast cancer received chemotherapy, which was performed in 84.1% (n = 53) of the patients with standard treatment regimens, of which 6 received neoadjuvant chemotherapy before surgical resection. Anthracycline-and taxane-based regimens were commonly used in chemotherapy [11] . Most patients who underwent BCS received adjuvant RT. Generally, patients with locally advanced-stage breast cancer who were treated with MRM underwent radiotherapy (RT) when large primary tumors or lymph node metastases are observed (axilla, supraclavicular area, or internal mammary chain). Forty-seven patients received RT, of which 43 were treated with RT after BCS and 4 were treated with RT after mastectomy. Among the patients who underwent RT after BCS (n = 43), 10 received supraclavicular lymph node irradiation. RT was performed in patients with current standard treatment regimens. The median total RT dose was 60.4 Gy (range, 50 to 66 Gy). Whole-breast RT was generally performed using 50-54 Gy with photon and tangential field. Next, patients who 
Statistical analysis
SPSS software ver. 18.0 (SPSS Inc., Chicago, IL, USA) was used for statistical analyses. The primary end-point of this study was DFS. The secondary end-points were the rate of the overall relapse, locoregional recurrence, distant metastasis, and OS. Locoregional recurrence was defined as the reappearance of tumor in the ipsilateral breast/chest wall and/or ipsilateral regional lymph nodes. Distant metastasis was defined as tumor spread to distant organs or lymph nodes. The Fisher exact test was used in evaluating the clinical factors related to LVI and recurrence. The Kaplan-Meier method was utilized for the univariate analysis of survival. The log-rank test was used in finding the prognostic factors. The Cox-regression test was utilized for the multivariate analysis of survival. A multivariate analysis of the statistically significant factors (p < 0.05) in a univariate analysis was performed using the Cox model.
Results
Patients
The median follow-up period and age of the patients were 39.5 months (range, 5.9 to 123.0 months) and 54 years (range, 30 to 77 years), respectively. Table 1 shows the patient and treatment characteristics. Pathologically, a total of 39 (61.9%) patient samples were p53 positive on immunostaining and LVI was observed in 19.0% (n = 12) of the patients. Only one (1.6%) patient had a positive resection margin after surgical resection. Perineural invasion was observed in 3 (4.8%) patients based on the pathological reports. Postoperative RT was carried out in 47 (74.6%) patients.
With regard to the clinical factors related to the LVI status (Table 2) , the pathological T stage (p = 0.008), N metastases (p = 0.014), and p53 positivity (p = 0.044) were significantly related to LVI incidence. To be specific, LVI presented more frequently in higher T stage group compared to lower T stage group (T2 vs. T1; p = 0.008). The presence of LVI was affected by the existence of lymph node metastases (p = 0.014). In addition, p53 positivity was associated with a lower rate of LVI (p = 0.044).
Pattern of failure
During the follow-up period, 10 patients experienced relapse. Locoregional recurrence and distant metastases were observed in six and seven patients, respectively (three patients experienced both simultaneously). The most common distant metastatic site was the lungs. LVI (n = 12) was related to relapse (p = 0.016) after surgery, which was more associated with distant metastases (p = 0.021) than locoregional recurrence (p = 0.077). Based on the analysis of the subgroup who underwent RT (n = 47), the overall relapse tended to be influenced by LVI (p = 0.075).
Among the 12 patients with LVI, those who received RT had a lower locoregional relapse rate (22.2%, 2/9) than those who did not receive RT (33.3%, 1/3). The patients who were treated with RT also had a lower distant metastasis rate than those who were not treated with RT (22.2% [2/9] vs. 33.3% [1/3] ).
Survival analysis
The 3-year DFS rate and OS rate were 85.4% and 90.2% (Fig. 1) , respectively. Additionally, the 3-year locoregional recurrencefree survival (LRRFS) and distant metastasis-free survival (DMFS) were 92.3% and 89.4%, respectively. The univariate analysis showed that DFS was influenced by p53 positivity (p = 0.048) and LVI (p = 0.011) (Fig. 2, Table 3 ). OS was also significantly affected by LVI (p = 0.001).
Based on the multivariable analysis of DFS (Table 4) , LVI was considered an independent prognostic factor (p = 0.039). In addition, LVI was also considered as an independent prognostic factor based on the multivariable analysis of OS (p = 0.029) ( Table 5) . To be specific, the LRRFS was tended to be affected by the presence of LVI (p = 0.057). The 3-year cumulative LRRFS was 72.2% in patients with LVI and 97.5% in those without LVI. As for the DMFS, our study showed a significant difference between patients with LVI and those without LVI (p = 0.008). In detail, the 3-year cumulative DMFS was 66.7% in patients with LVI and 95.1% in those without LVI.
The influence of RT on DFS was also evaluated. Fig. 3 showed the comparison of DFS according to RT in the patient subgroup with LVI (n = 12). Although it was not extended to statistical significance because of its small sample size, the 3-year DFS of the patients who were treated with RT was higher compared to that of patients who did not undergo RT (66.6% vs. 33.3%; p = 0.376) in the subgroup with LVI. According to another subgroup analysis, RT could reduce the (Fig. 4A and 4B) . However, the effects of RT did not significantly change the detrimental effects of LVI. Patients with LVI who underwent RT still had a poor DFS (Fig. 4A) . Similarly, in the patients treated with RT (n = 47), LVI did not reveal the negative prognostic effect on LRRFS (p = 0.174; 3-year LRRFS 96.7% vs. 76.2%). However, among the patients treated without RT (n = 16), LVI had detrimental effect on LRRFS (p = 0.046; 3-year LRRFS 85.7% vs. 66.7%). 
Discussion and Conclusion
The impact of LVI on the prognosis of TNBC patients has been relatively under-evaluated [7, 10, 12] . LVI is more commonly observed in patients with TNBC than in those without TNBC [13] . Agarwal et al. [13] revealed that a high incidence of LVI is observed in TNBC patients than in non-TNBC patients. According to their study [13] , LVI was observed in 13.5% of non-TNBC patients. In contrast, LVI was observed in 20.4% of TNBC patients. Although LVI is not included in the AJCC staging system, it may be a significant prognostic factor of breast cancer according to previous studies [1, 12] . Pistelli et al. [12] exhibited that LVI was an independent prognostic factor for non-metastatic TNBC patients in terms of DFS. Therefore, in this study, we aimed to verify the effect of LVI on the prognosis of patients with TNBC. Our results suggested that the effect of LVI was significant in the prognosis of patients with TNBC. LVI is a strong prognostic factor that significantly affects the treatment outcomes of TNBC. LVI was a poor prognostic factor for both DFS and OS based on both univariate and multivariate analyses in our study. In addition, Mohammed et al. [14] suggested that the development of distant metastasis was related to LVI, which is consistent with our results. In this study, distant metastasis mostly occurred in the patients with LVI. Although RT reduces the adverse effects of LVI on the prognosis of patients [15] , the overall trend is still poor. The locoregional recurrence rate was slightly lower in patients with LVI who received RT than in those who did not receive RT. For several reasons, RT can decrease recurrence. Some genes that are associated with TNBC, particularly BRCA cancer genes, are known as radiosensitive tumors [9] . The decrease in the recurrence rate in patients with LVI is related to tumor cell killing via RT. However, microvascular contracture caused by RT may also be related to its effects. Microvascular contractures on tumor microenvironment that are associated with RT may contribute to the increased rate of DFS. Modified and intensified RT might be helpful in improving the prognosis of patients with LVI [16] . Moreover, the exclusion of RT in treatment of TNBC patients with LVI after BCS should not be considered in the clinical practice. In addition, the use of RT should be considered when LVI is observed after MRM. Truong et al. [17] showed that 21.2% of T1-2N0 patients with LVI experienced locoregional recurrence after MRM. Their previous study [18] also showed reduced locoregional recurrence risk in LVI patients treated with PMRT (16.7% vs. 9.1%). Taken together, RT can be used to alleviate the risk of recurrence in those patients with LVI.
As in other cancers, p53 is known as a prognostic marker of TNBC [19] . LVI is commonly found in patients with p53 loss. Interestingly, the patients whose samples were p53 positive on immunostaining had better prognosis than those whose samples were not p53 positive, based on the results of this study. Although the clinical meaning of p53 is controversial, p53 expression is associated with the prognosis of patients with TNBC. In general, patients with TNBC had a high frequency of p53 mutation. Based on the previous studies by Chae et al. [20] , p53 positivity was associated with poor survival outcomes of TNBC patients. In contrast, according to a recent report by Lehmann-Che et al. [21] , p53 positivity was associated with a good treatment response in patients who were treated with modern dose-intense chemotherapy regimen, including epirubicin and cyclophosphamide. Our study also supports this result. In the present study, the majority of the patients were treated with chemotherapy, and a good prognosis was observed in p53-positive patients. In summary, since most of the patients were treated with chemotherapy in this study, p53 can be a predictive biomarker of chemotherapeutic response [22] . In addition, p53 positivity was related with a lower distant metastasis rate. Powell et al. [23] revealed that p53 loss was related to an increased rate of tumor metastasis, which is similar to the results of the present study.
Bevacizumab, which inhibits the neovascularization of tumors, may be useful in the treatment of TNBC patients with LVI. Sa-Nguanraksa et al. [24] previously reported that the vascular endothelial growth factor can influence both LVI and lymph nodal metastases. In this regard, an anti-angiogenesis drug, such as bevacizumab, might be effective in some patients with LVI [25, 26] . The recent study by Miles et al. [27] showed an increased progression-free survival (PFS) of the docetaxeland bevacizumab-treated groups than those that were treated with docetaxel alone. Although PFS was not evaluated in the present study because of the small number of patients who were treated with bevacizumab, its effects on patients with LVI may be promising and should be further evaluated.
The direct mechanism of TNBC recurrence in patients with LVI must then be evaluated. Further experimental studies should be conducted to verify the cause of recurrence in patients with LVI. Genomic analysis might also be helpful in the investigation of the mechanism of recurrence. Based on a genetic analysis, Klahan et al. [28] recently showed that TNFSF11, IL6ST, and EPAS1 could play an important role in patients with LVI.
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This study has some limitations because it is a retrospective study that could be easily affected by selection bias. The sample size was relatively small. The detailed RT field was not specifically analyzed. The failure pattern might be affected by the degree of irradiation in the regional lymph nodal area. The study consisted of a fairly heterogeneous population of patients. Some of the patients underwent neoadjuvant chemotherapy, and a small number of patients did not receive RT after BCS. All patients were classified according to pathologic staging, and patients with pN1-N3 were classified under the N-positive group. Thus, the significance of N stage on prognosis can be observed. Therefore, caution should be undertaken in giving clinical meaning based on the results of this study
In conclusion, LVI has a significant influence on the prognosis of TNBC patients after surgery. Although not perfect, adjuvant RT may reduce the negative prognostic effects of LVI. Therefore, further studies should be conducted to obtain an effective treatment strategy that can overcome the negative effects of LVI on prognosis. In addition, the development of a more efficient treatment method is needed.
